Objective: Approximately 6% of all cancers arise in adolescents and young adults. Currently, the ward type best placed to treat this patient group remains controversial. The aim of this study was to evaluate exactly where adolescents and young adults with cancer are treated in Brazil. Methods: Data were extracted from 271 Brazilian hospital-based cancer registries (2007---2011), including all five national regions (North, Northeast, Midwest, South, and Southeast). Variables included gender, age, ethnicity, National Code of Health Establishment, hospital unit state, and region. Tumors were classified according to the World Health Organization classification for adolescents and young adults with cancer. Odds ratios with 95% confidence intervals were computed by unconditional logistic regression. Results: Most patients were managed on medical oncology wards, followed by pediatric oncology and then by non-specialist wards. Of patients aged 15---19 years, 49% were managed on pediatric wards; most of the older patients (96%; aged 20---24) were managed on adult wards. Patients were more likely to be seen in medical oncology wards as their age increased (OR = 2.03 [1.98---2.09]), or if they were based in the South (OR = 1.50 [1.29---1.73]). Conversely, bone tumors were less likely to be treated (decreased OR) on medical oncology wards, regardless of age, gender, and region. Document downloaded from http://www.elsevier.es, day 22/07/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. Document downloaded from http://www.elsevier.es, day 22/07/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Introduction
Currently, no clear age definition exists in the literature for the patient group comprising adolescents and young adults (AYA). The World Health Organization (WHO) defines adolescence as the age bracket of 10---19 years, whereas the United Nations (UN) uses 15---24 years of age to define adolescence, using the term ''young adult'' to refer to those aged 20 and over. 1 The Brazilian Children and Adolescents Statute defines adolescence as 12---18 years of age. 2 The incidence of cancer in the AYA group has increased when compared with other age groups. Approximately 6% of all cancers now arise in AYA patients (aged 15---29 years); this incidence is 2.7-fold greater than in younger patients (aged < 15 years.). 3 In Brazil, the median incidence of cancer in this population is 218 cases per million for male patients, and 232 cases per million in female patients; the majority of cases is diagnosed as carcinomas, lymphomas, and leukemias. 4 The AYA age group lies at the boundary of pediatric and medical oncology, and manifests unique biological and clinical characteristics. Pediatric tumors are mostly embryonic, while tumors in older adults tend to originate from epithelial tissue. The spectrum of cancer type therefore differs when comparing younger children and adults, which reflects the different pathologic mechanisms involved, as well as tolerance and response to therapy. Consequently, there is a growing awareness of the need for specialist adolescent treatment units within pediatric wards.
One of the considerable challenges with regard to cancer treatment for the AYA population is in determining where best to treat these patients, given the heterogeneity in biological/clinical behavior when comparing pediatric and medical oncology. Dedicated units specialized in treating AYA patients are needed, especially given the lack of any improvement in survival for this group when compared with children or adults aged 29 years of age and above. 5 This disappointing failure to improve therapy for the AYA patient group may reflect a poor recognition of, and a lack of specialist attention to, the unique pathobiology exhibited by these patients, together with inadequate support for their psychosocial needs.
The optimal treatment site for AYA patients remains controversial. 10---13 Referral to pediatric wards appears to be associated with age, type of cancer, and the distance to pediatric oncology centers.
14--- 16 Ideally a specialist adolescent cancer unit would be used. In Brazil, data on where AYA patients are treated is lacking. This shortcoming hampers the improvement of institutional practice and the development of specific treatment protocols. 13 The aim of this study was to determine where the oncologic care for AYA patients takes place in Brazil. 17 Data collection was by telephone contact with each hospital unit to determine the presence (or not) of a pediatric oncology ward, as well as the age group admitted by the ward.
Materials and methods

Data sources
Statistical analyses
All variables were subject to descriptive analyses. Crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) were obtained by logistic regression analyses with gender, region, and AYA classification included as categorical variables. Patient age was included as a continuous variable (per year of age increase). Reference categories for variables were female, the Southeast region, and leukemia. All analyses were conducted using SPSS (IBM SPSS Statistics for Windows, version 20.0, NY, USA).
This study was approved by the Research Ethics Committee of Instituto Nacional de Câncer José Alencar Gomes da Silva (INCA).
Results
Sociodemographic and tumor characteristics for this patient cohort are presented in Table 1 . The majority of patients were diagnosed with carcinomas, then lymphomas, and leukemias. Most patients were managed in medical oncology wards (n = 9399), followed by pediatric oncology wards (n = 2907), and then by non-specialist wards (n = 146). The Southeast region had the highest number of hospital units with pediatric oncology wards (n = 37/28%), most specifically in São Paulo. The North and Northeast regions had the highest proportion of pediatric oncology wards, in 50% of their hospital units (Fig. 1) . In 81 of 94 pediatric oncology wards, patients were aged 0---18 years (n = 37/81; 45.7%). For patients aged 15---19 years, 49.6% of cases were managed 
Discussion
The incidence of cancer in the AYA patient group is higher than for children aged less than 15 years, 3 with carcinomas, lymphomas, and leukemias being the most frequent tumor types in Brazil. 4 How and where these patients are treated remain controversial issues that are further confused by the lack of clarity in defining this patient population. With these problems in mind, the authors sought to collate data for how this patient group is diagnosed and treated in Brazil.
The tumors most frequently registered in the BHCRs were similar to those described in population-based cancer registries, and consisted of carcinomas, lymphomas, and leukemias. Thyroid and cervical carcinoma were the most frequent in the AYA age group, with the latter tumor type predominant in young Brazilian women. The median incidence rate of cervical carcinoma in the AYA patient group, according to Brazilian population-based data, was 2.11 cases per 100,000 women aged 20---24 years. 18 Thyroid tumors, which occur more frequently in female patients, showed a median incidence rate of 13.7 cases per million. 4 The present data revealed that the majority of AYA s aged 15---24 years were managed on medical oncology wards; increasing age was shown to be a significant risk factor for being treated on this type of ward. The confusion wrought by the varying age definitions for the AYA patient group is reflected by a lack of standardization among the different hospital units. One limitation of this study is that there is no information on whether a patient admitted to an adult ward is always followed by an adult oncologist, mainly in hospital units that have both services (pediatric and adult oncology). Accordingly, some authors report that most AYA s with a cancer diagnosis are treated by non-pediatric oncologists. 13, 19 The medical, physical, psychological, and emotional needs vary for different patient groups, which poses a distinct challenge when deciding where AYA patients should be treated. Consequently, a multidisciplinary team is mandatory, and an oncologist with medical and psychosocial expertise relevant to this age group should be involved. Standardizing the site and type of care available to AYA patients with a cancer diagnosis may help to improve outcomes for this patient group, given that the spectrum of cancers for AYA and pediatric patients differs. Further, it is recognized that pediatric and adult cancers are best treated with protocols and centers dedicated to those patient groups. In the present population, pediatric tumor types such as bone and leukemia were more likely to be managed on a pediatric ward, while carcinomas and lymphomas were managed on adult wards.
The biological characteristics of tumors diagnosed in AYA patients present heterogeneous responses to different protocols; it is suggested that adherence to treatment is improved when patients are treated on pediatric wards. However, the lack of participation and exposure of AYA patients to clinical trials and protocols 20---22 may explain, in part, the limited treatment options available for this age group, as improved protocols and therapies generally require trial participation and the subsequent development of well-established multidisciplinary protocols. 16, 19 The majority of reports observed improved results when treatment is performed on a pediatric oncology ward when compared with adult wards. 23 A meta-analysis performed in 2012 assessing 11 publications revealed that AYA s treated with pediatric protocols achieved superior outcomes than those treated with adult protocols. 10 Previous studies performed in different countries (United States, United Kingdom, and the Netherlands) demonstrated that in the setting of AYA patients with Acute Lymphoblastic Leukemia (ALL), treatment according to pediatric protocols showed a superior outcome compared to adult protocols. 10,24---26 Regarding the treatment of other tumors, such as Ewing's sarcoma, it was also demonstrated that adolescents older than 15 years of age treated in pediatric wards presented an improved survival when compared with those treated on non-pediatric wards, despite receiving the same treatment protocol. 27 The underlying reasons for these disparate outcomes remain unclear. However, a definitive association between medical specialty and outcome for adolescents with cancer has been demonstrated, despite the fact that the present study did not evaluate responses to specific treatments or protocols.
Confusingly, some studies have shown no differences in survival rates for specialized wards, as well as improved survival rates for AYA patients treated on adult oncology wards. 19, 28 The authors believe that these discrepancies may relate to the histological type of tumor. For example, carcinomas and skin tumors are more specific to adults and are best handled on medical oncology wards. In turn, bone tumors, as a tumor type, have also been shown to be a protective factor in terms of referral to medical oncology wards. According to GLOBOCAN (International Agency for Research on Cancer), this histological group of tumors comprises 5% of all neoplasias in the population aged 0---19 years. In other words, bone tumors are strongly associated with younger patients and therefore tend to be treated in pediatric wards, as shown by the present data.
A lower risk for management in medical wards was found for the Northeast region, which has a high proportion of hospitals with pediatric oncology wards. These data could imply a ''geographic'' protection factor in terms of management on medical wards.
While the literature remains controversial, most international findings demonstrate the importance of a pediatric oncologist in the prognosis and treatment of tumors for AYA patients. Pediatric oncology wards in Brazil care for children and adolescents until 18 years of age, as dictated by the Brazilian Children and Adolescent Statute, which defines adolescence as the age bracket of 12---18 years of age. However, currently, in Brazil, there is a lack of data for the effectiveness of specific treatments or protocols for AYA cases.
Clinical programs with appropriately trained healthcare professionals, as well as improved communication and collaboration between adult and pediatric oncologists are vital if the care provision for AYA patients with cancer is to be optimized. Several countries such as the United Kingdom, United States, Australia, and Germany have established collaborative care programs, although the development of a comparable AYA oncology program in Brazil remains a challenge. 29, 30 Further work is now needed in terms of evaluating treatment outcomes for the AYA patient age group in Brazil. With this in mind, the focus now should be on evaluating treatment response, protocols, and outcomes according to tumor type and site of care. 
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